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ABSTRACT 

Small Craft Harbours (SCH) undertook a study to develop a simple meth-

odology in estimating the level of wave agitation experienced in small 

craft marinas. The analysis dealt mainly with short-period (<6 sec) wind 

generated waves and had excluded the effects of surges, tides and other 

long period waves. The Linear Wave Theory and SHB Wave Hindcasting proce-

dures were applied in the analysis; refraction, shoaling, and diffraction 

analysis have been included. The first part of this report will provide the 

underlying principles of Coastal Engineering while the second part will 

outline the analyst's methodology as well as his assumptions. 
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INTRODUCTION 

The Small Craft Harbours (SCH) Branch operates some 220 harbour facil-

ities used by commercial fishing vessels, pleasure craft and other com-

mercial vessels. One of the main objectives of the Branch is to set stan-

dards of accommodation and to ensure proper maintenance of harbours. SCH 

must provide adequate wave protection, berthage, water depth, launching 

facilities and other harbour infrastructure to satisfy the needs of local 

users. 

To ensure adequate shelter for vessels, SCH undertook a series of wave 

climate studies to determine the existing level of wave agitation in the 

Branch's small craft marinas. The analyst chose a simplified analytical 

model to get a good first estimate of wave condition at the harbour facil-

ities. The simple analytical procedure was set up so that a microcomputer 

could be used to perform most of the computations involved in the analy-

sis. A detailed wave climate analysis that requires even more extensive 

computational tools was not justified due to the existing constraint in 

resources. 

The level of wave agitation for each harbour site will become a per-

manent part of SCH's Pacific Regional Inventory and will be used for plan-

ning, operation and maintenance purposes. 

All the analytical and computational work was done in SCH's office in 

Vancouver, B.C. The analytical results were then sent to Atmospheric 

Environment Service (AES) in Toronto to engage in their Meteorological Data 

Processing Program. 

2. Fundamentals in Wave Climate Analysis  

The principles of coastal engineering summarized here were applied in 

this study. 



2.1 Linear Wave Theory  

Waves could be classified as either sea or swells. 	Sea waves are 

still under the influence of the generating wind while swells propagate 

across the water surface free of any significant influence from the wind. 

In SCH's analysis, sea waves between 2 to 6 seconds were studied. 

The Small Amplitude or linear Wave Theory is the simplest and generally 

most useful theory in coastal engineering. It is governed by a set of 

equations that adequately describe the kinematic and dynamic properties of 

surface gravity waves; the theory predicts these properties within useful 

limits in most practical circumstances. 

The wave theory was derived under the basis of a set of assumptions: 

(Ref 10). 

i) Water is homogeneous,incompressible, and surface tension forces 

are negligible. 

ii) no shear stress at air-sea interface or at the bottom, i.e. flow 

is irrotational. 

iii) bottom is not moving and is impermeable; and horizontal bottom 

is not adding, removing, or reflecting wave energy from the 

flow. 

iv) pressure along air-sea interface is constant; no wind pressures 

exist; and hydrostatic pressure gradient due to surface eleva-

tion differences can be ignored. 

2 

v) 	wave amplitude is small compared to wavelength and water depth. 



The most fundamental description of a simple sinusoidal wave is by its 

length L, its height H, its period T, and its depth d.(Fig-2-1). The speed 

at which a wave propagates is known as the wave celerity C 

3 

(2-1) 

Another relationship for celerity takes the form 

C = 	tanh 
2nd 

 
27T 	L (2-2) 

Alternate form of equation 2-2 relating wavelength is 

L
gT2 tank (27rd) 

=  
2/r 

(2 -3 ) 

Waves can further be broken down into several groups, classified by 

the depth of water in which they travel. 

Deep water waves 

d/L >0.5 



for great depths, 

equation 2-2 then becomes 

gT 
Co  = —27r  (2-4) 

ii) Transitional water waves 

0.5>d/L>0.05 

equation 2-2 applies 

gT 2nd 
C — tanh (2-2) H 

2n 

iii) Shallow water waves 

d/0.0.05 	C= 	 (2-5) 

2.1.1 Wave Refraction and Shoaling 

Wave celerity depends on the depth of water in which the wave propa-

gates. The decrease in depth causes a decrease in wave celerity, which 

causes a subsequent decrease in wavelength. The variation in wave velocity 

occurs along the crest of a wave moving at an angle to underwater contours 

4 
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Figure 2-1 	Definition of Terms - Elementary, Sinusoidal, Progressive Wave 



because waves travel faster in deeper water than in shallower water. The 

difference in speed causes the wave crest to bend toward alignment with the 

contours. The bending effect, known as Refraction by Bathymetry, will lead 

to change in the in-coming wave height.(Fig 2-2 to 2-4). 

Refraction can also be caused by currents or any other phenomenon that 

causes one part of a wave to travel slower or faster than another part. 

However, we are only concerned with refraction by bathymetry here. 

The change of direction of a wave orthogonal as it passes over rela-

tively simple hydrography may be approximated by Snell's law: 

(Fig 2-5 & 2-6). 

C2) 

 sin ce2 = 	sin al 
	 (2 -6) 

04, and o(2, are the respective angles a wave crest make with the first and 

second bottom contour. C1 and C2 are the wave celerities at the depth 

of the first and second contour. 

Snell's law is based on a set of assumptions: 	(Ref-13) 

i) wave energy between rays or orthogonals remains constant 

ii) wave direction is in the orthogonal's direction 

iii) changes in bottom topography are gradual 

iv) waves have constant period and small amplitude and are 

monochromatic 

Total energy in a wave per unit crest width is: 

E — 
pg1-1 2 1, 

8 
(2-7) 
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(a) 
	

(b) 

Figure 2-3 
	

Refraction by a Submarine Ridge (a) and Submarine 
Canyon (b) 

Figure 2_4- 	Refraction Along an Irregular Shoreline 



Fig 2-5 
	

Wave refraction over straisht parallel Mo ntours. 

Fig 2- 6 	Definition sketch for Snell's Law derivation. 
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Wave power is wave energy per unit time. One would arrive at the fol-

lowing relations after integrating the expression for the average power per 

unit crest width over the whole wave period and water depth. 

1 	 27Tcl/L 
n = — 1 + 

2 	sink (27:cl/L) (2-8) 

F= n b EC 	 (2-9) 

Assuming no energy transfer along wave crests, power transfer from 

deep water to shallow water between wave orthogonals is constant. By equa-

ting 2-9 from one point to another point at sea, one can assess the change 

in wave heights 

N i  _ \1(n) 	 (2-10) 

H 2  	k; 	C2) 	ic 

The second term on the right is known as the shoaling coefficient 

(Ks). • Shoaling is the change of wave height due to the shallowing effect. 

It is a vertical effect on the wave energy, squeezing the energy into a 

higher amplitude wave. Shoaling coefficients generally are greater than 

unity except for some cases in transitional depth. 

The refraction coefficient (Kr) is the third term on the right. It is 

expressed in a ratio of two orthogonal spacings. Alternatively, Kr can be 

expressed as: 

b )% 

KR = 
(

cosaiy 

cos a2 
(2-11a) 

and Ks as: 

9 

(2 -11b) 

 



2.1.2. Wave Diffraction 

When a regular train of waves is interrupted by a barrier such as a 

breakwater or an islet, there would be a transfer of energy along the wave 

crest into the lee of the structure. The region of water behind the pro-

tective structure will experience some disturbances provided by the in-

coming waves. Depending on the location of interest, the level of distur-

bance varies. 

The wave height distribution in a harbour or sheltered bay protected 

by natural or manmade structures can be assessed to some degree by a series 

of charts developed by Wiegel (Ref -15). Diffraction coefficients Kr can be 

obtained from these charts and the incident wave height can then be adjus-

ted accordingly. Table 1 is a tabulated summary of the diffraction coef-

ficient charts. The charts are included in Appendix B. 

The charts were derived under a set of assumptions: 

i) water is inviscid and incompressible. 

ii) small amplitude waves 

iii) irrotational flow 

iv) constant depth shoreward of breakwater. 

2.1.2.1 Floating Breakwaters 

The diffraction theory was based on waves interferred by impermeable 

structures. The most common type of barrier would be a rubble mound break-

water. Floating breakwaters, however, are also used to protect some har-

bours from wave attacks. Floating breakwaters are usually used in rela-

tively sheltered locations where fetch distances are too short to permit 

wind generation of waves with significantly long periods(>6 sec). For har-

bours On the Pacific coast, wind generated waves predominantly have periods 

under 6 seconds; therefore, floating breakwaters are quite common in the 

region. 

10 



Wave 
crest 

Incident wave 
direction 

Depth constant 

Point of 
interest 

• welimea. • • ■••••••■••••••• ■• •11141,.. •.+0 ■••■•••■••• ■••01.- 

Impermeable 
nonreflecting 

• harrier 

Fig 2- 7 Wavc diffraction behind a barrier- 

11 



Table 1 , WAVE DIFFRACTION COEFFICIENTS, Ki) , 
AS A FUNCTION (WIEGEL, 1962) 

13 (Degrees) 

r/L 
	

0 	15 	30 	45 	60 	75 	90 105 120 135 150 165 180 

8 =15° 
 1/2 0.49 0.79 0.83 0.90 0.97 1.01 1.03 1.02 1.01 0.99 0.99 1.00 1.00 

1 	0.38 0.73 0.83 0.95 1.04 1.04 0.99 0.98 1.01 1.01 1.00 1.00 1.00 
2 	0.21 0.68 0.86 1.05 1.03 0.97 1.02 0.99 1.00 1.00 1.00 1.00 1.00 
5 	0.13 0.63 0.99 1.04 1.03 1.02 0.99 0.99 1.00 1.01 1.00 1.00 1.00 
10 0.35 0.58 1.10 1.05 0.98 0.99 1.01 1.00 1.00 1.00 1.00 1•  00 1.00 

= 30 ° 
1/2 0.61 0.63 0.68 0.76 0.87 0.97 1.03 1.05 1.03 1.01 0.99 0.95 1.00 

1 	0.50 0.53 0.63 0.78 0.95 1.06 1.05 0.98 0.98 1.01 1.01 0.97 1.00 
2 	0.40 0.44 0.59 0.84 1.07 1.03 0.96 1.02 0.98 1.01 0.99 0.95 1.00 
5 	0.27 0.32 0.55 1.00 1.04 1.04 1.02 0.99 0.99 1.00 1.01 0.97 1.00 
10 0.20 0.24 0.54 1.12 1.06 0.97 0.99 1.01 1.00 1.00 1.00 0.98 1.00 

= 45 °  
1/2 0.49 0.50 0.55 0.63 0.73 0.85 0.96 1.04 1.06 1.04 1.00 0.99 1.00 

1 	0.38 0.40 0.47 0.59 0.76 0.95 1.07 1.06 0.98 0.97 1.01. 1.01 1.00 
2 	0.29 0.31, 0.39 0.56 0.83 1.08 1.04 0.96 1.03 0.98 1.01 1.00 1.00 
5 	0.18 0.20 0.29 0.54 1.01 1.04 1.05 1.03 1.00 0.99 1.01 1.00 1.00 
10 0.13 0.15 0.22 0.53 1.13 1.07 0.96 0.98 1.02 0.99 1.00 1.00 1.00 

= 60° 
1/2 0.40 0.41 0.45 0.52 0.60 0.72 0.85 1.13 1.04 1.06 1.03 1.01 . 1.00 

1 	0.31 0.32 0.36 0.44 0.57 0.75 0.96 1.08 1.06 0.98 0.98 1.01 1.00 
2 	0.22 0.23 0.28 0.37 0.55 0.83 1.08 1.04 0.96 1.03 0.98 1.01 1.00 
5 	0.14 0.15 0.18 0.28 0.53 1.01 1.04 1.05 1.03 0.99 0.99 1.00 1.00 
10 	0.10 0.11 0.13 0.21 0.52 1.14 1.07 0.96 0.98 1.01 1.00 1.00 1.00 

= 75°  
1/2 0.34 0.35 0.38 0.42 0.50 0.59 0.71 0.85 0.97 1.04 1.05 1.02 1.00 

I 	0.25 0.26 0.29 0.34 0.43 0.56 0.75 0.95 1.02 1.06 0.98 0.98 1.00 
2 	0.18 .0.19 0.22 0.26 0.36 0.54 0.83 1.09 1.04 0.96 1.03 0.99 1.00 
5 	0.12 0.12 0.13 0.17 0.27 0.52 1.01 1.04 1.05 1.03 0.99 0.99 1.00. 
10 0.08 0.08 0.10 0.13 0.20 0.52 1.14 1.07 0.96 0.98 1.01 1.00 1.00 

0-90°  
1/2 0.31 0.31 0.33 0.36 0.41 0.49 0.59 0.71 0.85 0.96 1.03 1.03 1.00 

I 	0.22 0.23 0.24 0.28 0.33 0.42 0.56 0.75 0.96 1.07 1.05 0.99 1.00 
2 	0.16 0.16 0.18 0.20 0.26 0.35 0.54 0.69 1.08 1.04 0.96 1.02 1.00 
5 	0.10 0.10 0.11 0.13 0.16 0.27 0.53 1.01 1.04 1.05 1.02 0.99 1.00 
10 0.07 0.07 0.08 0.09 0.13 0.20 0.52 1.14 1.07 0.96 0.99 1.01 1.00 

OF INCIDENT WAVE DIRECTION 8, AND POSITION, r/L AND (3 

r/L 

(Ogres) 

0 15 30 45 60 75 	90 105 120 135 150 165 180 

8-105°  

1/2 0.28 0.28 0.29 0.32 0.35 0.41 	0.49 0.59 0.72 0.85 0.97. 1.01 1.00 

1 0.20 0.20 0.24 0.23 0.27 0.33 	0.42 0.56 0.75 0.95 1.06 1.04 1.0C 

2 0.14 0.14 0.13 0.17 0.20 0.25 	0.35 0.54 0.83 1.08 1.03 0.97 1.0C 

5 0.09 0.09 0.10 0.11 0.13 0.17 	0.27 0.52 1.02 1.04 1.04 1.02 LC( 

10 0.07 0.06 0.08 0.08 0.09 0.12 	0.20 0.52 ; 1.14 1.07 0.97 0.99 1.0( 

0...120° 
1/2 0.25 0.26 0.27 0.28 0.31 0.35 	0.41 0.50 0.60 0.73 0.87 0.97 1.0( 

1 0.18 0.19 0.19 0.21 0.23 ' 0.27 	0.33 0.43 0.57 0.76 0.95 1.04 1.0( 

2 0.13 0.13 0.14 0.14 0.17 0.20 )( 0.26 0.16 0.55 0.83 1.07 1.03 1.0 

5 0.08 0.08 0.08 0.09 0.11 0.13 	0.16 r 0.27 0.53 1.01 1.04 1.03 1.0 

10 0.06 0.06 0.06 0.07 0.07 0.09 	0.13 0.20,'" 0.52 1.13 1.06 0.98 1.0 

8 - 135 °  
1/2 0.24 0.24 0.25 0.26 0.28 0.32 	0.36 0.42 0.52 0.63 0.76 0.90 1.0 

1 0.18 0.17 0.18 0.19 0.21 0.23 	0.28 0.34 0.44 0.59 0.78 0.95 1.0 

2 0.12 0.12 0.13 0.14 0.14 0.17 	0.20 0.26 0.37 0.56 0.84 1.05 1.0 

5 0.08 0.07 0.08 0.08 0.09 0.11 	0.13 0.17 0.28 0.54 1.00 1.04 1.0 

10 0.05 0.06 0.06 0.06 0.07 0.08 	0.09 0.13 0.21 0.53 1.12 1.05 1.0 

8 - 150 °  
1/2 0.23.  0.23 0.24 0.25 0.27 0.29 	0.33 0.38 0.45 0.55 0.68 0.83 1.0 

1 0.16 0.17 0.17 0.18 0.19 0.22 	0.24 0.29 0.36 0.47 0.63 0.03 1.0 

2 0.12 0.12 0.12 0.13 0.14 0.15 	0.18 0.22 0.28 0.39 0.59 0.86 1.0 

5 0.07 0.07 0.08 0.08 0.08 0.10 	0.11 0.13 0.10 0.29 0.55 0.00 1.0 

10 0.05 0.05 0.05 0.06 0.06 0.07 	0.00 0.10 0.13 0.22 0.54 1.10 1.0 

0 - 165° 
1/2 0.23 0.23 0.23 0.24 0.26 0.28 	0.31 0.35 0A1 0.50 0.63 0.79 I.0 

1 0.16 0.16 0.17 0.17 0.19 0.20 	0.23 0.26 0.32 0.40 0.53 0.73 1.0 

2 0.11 0.11 0.12 0.12 0.13 0.14 	0.16 0.19 0.23 0.31 0.44 0.68 It 

5 0.07 0.07 0.07 0.07 0.03 0.09 	0.10 0.12 0.15 0.20 0.32 0.63 1 

10 0.05 0.05 0.05 0.06 0.06 0.06 	0.07 0.08 0.11 0.11 0.21 0.58 1.0 

9=180°  
1/2 0.20 0.25 0.23 0.24 0.25 0.28 	0.31 0.34 0.40 0.49 0.61 0.78 1.( 

1 0.10 0.17 0.16 0.18 0.18 0.23 	0.22 0.25 0.31 0.38 0.50 0.70 I.( 

2 0.02 0.09 0.12 0.12 0.13 0.18 	0.16 0.18 0.22 0.29 0.40 0.60 1.1 

5 0.02 0.06 0.07 0.07 0.07 0.08 	0.10 0.12 0.14 0.18 0.27 0.46 I.( 

10 0.01 0.05 0.05 0.04 0.06 0.07 	p.07 0.08 0.10 0.13 0.20 0.36 1.( 



The efficiency of floating breakwaters varies markedly with the length 

and period of incident waves. The width of floating breakwater to effec-

tively reduce incident waves increases rapidly as incident wave period in-

creases beyond 3 seconds. In fact, floating breakwaters are most effective 

against waves with period of less than 4 seconds. 

The lack of sufficient details regarding the floating breakwater 

specifications did not permit the analyst to accurately determine the per-

formance of each structure at the various sites. Although the waves in the 

analysis were predominantly short-period waves, significant amount of inci-

dent waves can be transmitted, especially waves with period near 6 sec. 

However, for simplicity, the floating breakwater in the diffraction analy-

sis were all treated essentially as impermeable structures. 

2.1.3 Wave Reflection 

The effect of wave reflection has been ignored in our analysis. The 

waves are assumed to be completely absorbed at shorelines. 

2.1.4 Summary of Wave Mechanics 

 

Range  

0. 5<d/L 

0 . 5yd/L)0.05 

d/L<0. 05 

Celerity 

C 

Celerity Ratio 

n 

   

Deep Water Waves 

Transitional Water Waves 

Shallow Water Waves 

gT 

27r 

gT 	 (77c1) 
tanh 2  

2n 

'471 

0.5 

1 
[

27rd/L  

—2 1  + sinh (277d/L) 

1 . 0 

    

13 

By incorporating all the near-shore effects on wave heights, one would 



be able to assess the wave characteristics of any point in a given harbour 

site. 

H2.7.FliKsKrKd 

(2-12) 
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2.2 Wave Hindcasting  

We have previously discussed surface waves from the standpoint of 

motions and transformations without regard to wave generation. Real waves 

are much less regular than those implied by theory. It is best to repre-

sent the complex real sea condition by a small number of parameters. 

Wave hindcasting is the analysis and prediction of wave condition 

based on past meteorological conditions. There are simplified and complex 

hindcasting procedures. The simplified prediction systems are essentially 

empirical procedures whereas complex prediction methods attempt to simulate 

numerically the physics of wave generation, dissipation and shallow water 

effects. Analytical results from the complex procedures generally try to 

define energy levels by frequency and direction. These complex models are 

referred to as discrete parametric or discrete spectral models. They re-

quire fairly extensive computational resources and are relatively lengthy 

and expensive. For the purpose of our studies, the simplified procedure 

was adopted. 

2.2.1 Input Parameters for SMB Hindcasting Model 

The most common hindcasting method was developed by Sverdrup and Munk, 

later revised by Bretschneider (SMB). This hindcasting procedure assumes 

that waves are generated by a wind blowing with constant speed and direc-

tion over the generating area or fetch. Furthermore, the procedure assumes 

that the sea is calm when wind begins. 

In order to predict wave properties from meteorological data, it is 

necessary to: 

i) estimate the mean surface wind speed and direction 

ii) delineate a fetch over which the wind is reasonably constant in 

speed and direction. 

iii) estimate wind duration over the fetch. 

15 



2.2.1.1. Meteorological Data 

The wind velocity and directional information is available from exis-

ting wind records archived by Atmospheric Environment Services. Records 

from a large number of meteorological stations normally provide adequate 

coverage of all harbour sites. 

2.2.1.2 Effective Fetch 

In large body of ocean water, the effect of fetch or width or limiting 

ocean wave growth in a generating area may usually be neglected since 

nearly all ocean fetches have widths as large as their lengths. However, 

in inland waters as in our case, fetches are limited by land forms surroun-

ding the body of water. 

An Effective Fetch Method (Fig. 2-8) was developed to allow the deter-

mination of fetch distances that included the effects of irregular shore-

line. This graphical method is_ well documented in the Shore Protection 

Manual by the U.S. Corps of Engineers.(Ref-13). 

The effective fetch method is based on a set of assumptions: 

over-water wind transfers energy to the water surface in the 

direction of the wind and within 45 0  on either side of the wind 

direction. 

ii) 	the wind transfers a unit amount of energy to the water along 

the central radial and along any other radial an amount modified 

by the cosine of the angle between the radial and the wind 

direction. 

16 

iii) waves are completely absorbed at shorelines. 
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Figure 2-8 	Computation of Effective Fetch for Irregular Shoreline 



The fetch distances determined this way are usually less than those 

based on maximum straight-line distances over open water. This is because 

the effective fetch is an average value that takes into account the irregu-

larity of shorelines and protection provided by the neighboring landforms. 

2.2.2 SMB Hindcasting Model 

The SMB Wave Hindcasting method can be illustrated by a set of curves 

representing dimensional plots from several empirical equations (Fig. 2-9 

and 2-10). 

For hindcasting in deep water, 

 

gF 0.42 

—
gH 

= 0.283 tank' [0.0125 (—
If U2  

(2-13) 

 

gT 	 gF) 0.25] 

— 1.20 tank {0.077 (—
u2 277U (2-14) 

1/2  
gt 

= K exp iNn bF — B In r-) 	+ D (g1 
U 

 
U 	 U 	 U2  

(2-15) 

K= 6.5832 
	

c=2.2024 

A=0.0161 
	

D=0.8798 

B=0.3692 
	

g=32.2 
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The parameters in the above equations consist of respectively the wind 

speed U (knots), the fetch F(nautical miles), the duration t(hrs), the sig-

nificant wave height H(ft), and the significant wave period T(sec). 

For a given wind speed and fetch, one may use equation 2-15 to calcu-

late the wind duration. In order to determine if the condition is duration 

limited or fetch limited equation 2-13 and 2-14 can be used to verify each 

condition. 

Waves are duration limited when they reach their maximum allowable 

height under the generating wind before approaching the end of the fetch 

length. The growth in wave height is limited only by the wind duration and 

not by the fetch length. From the point when the waves reach their limit-

ing height (the wave condition known as Fully Developed Sea), the waves 

would begin to decay over the balance of the fetch. Fetch limited is when 

waves reach the end of the fetch length before being able to fully develop 

their heights. Here, the fetch distance determines the significant wave 

height and period regardless of the wind duration. 

After one has determined the limiting condition, equation 2-13 and 2-14 

can be used to calculate the significant wave heights and period. 

For fairly well protected coastline as in the Pacific Region, the fetch 

limited case is the most dominant situation. 

The significant wave height and period obtained from the SMB predic-

tion system give an estimate of deep water wave conditions. For conditions 

close to shore, one has to carry out refraction, diffraction, and shoaling 

analysis to account for the appropriate adjustment. From the deep water 

hindcasting results, one can then derive the various input parameters re-

quired for these analyses. 
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3. Wave Climate Analysis  

SCH had chosen to adopt a simplified hindcasting and analytical model-

ling system that would yield quick and reasonable estimates of the wave 

condition actually experienced at each of the 220 harbour sites. 

3.1 Determination of SMB Parameters  

3.1.1 Over-water Wind Field 

The over-water wind field may be determined by wind data collected 

from lightstations, islands, and piers. Wind records indicating wind 

speed, direction, and duration, recorded by a large number of meteorologi-

cal stations, are archived by the AES. When choosing records for the study 

of a particular harbour, one has to consider the station's proximity to the 

harbour as well as the resemblance of the station's neighbouring geography 

to that of the site. In addition to accounting for difference in location, 

one must also consider elevation difference between the station's aneometer 

and the harbour site. The elevation difference may affect the actual wind 

speed at the harbour due to varying boundary layer wind velocity profile 

with height. Other factors that might affect wind velocities at the site 

include air-sea temperature differences and major topographic differences. 

All proposed modifications on the wind data would eventually take the form 

of a single correction factor. The adjustment, though, requires profes-

sional judgement and experience, and can by no means be exact. Further-

more, the ranges of error are difficult to determine. In light of the 

uncertainties in modifying wind data, the adjustments were left out of our 

analysis. 

3.1.2 Effective Fetch 

For a given harbour, the facilities are vulnerable to wave attack in a 

number of directions (8-point compass). In order to determine the total 

wave agitation at a harbour, effective fetch distances in each of the 

22 



exposed directions must be measured. 

The effective fetch method used was, however slightly modified from 

the conventional method (Fig. 3-1). The analyst designed this modification 

to account for waves arriving from far fetches, refracting around protec-

tive landforms, and somehow managing to reach the harbour. These faraway 

fetches were not considered by the conventional method because the radials 

were stopped as soon as they intercepted a shoreline. Often, these inter-

ceptions may only be a portion of a small land mass that in reality will 

not provide adequate protection. Therefore, in cases where radials were 

intercepted by small portions of land, the radials were extended beyond the 

initial contact point to where it intercepted a larger land mass. The logic 

behind this modification lies in the assumption that waves refract or bend 

more easily around small landmasses than around larger ones. 

3.2 Determination of Deep Water Wave Characteristics  

The analyst entered each fetch distance determined in section 3.1 with 

a set of wind velocity into the SMB deep water Wave Hindcasting model to 

determine a range of deep-water significant wave heights and periods. 

Wind velocity ranged from 20 km/hr to 60 km/hr. This range of wind vel-

ocity proved to be most effective for analysis purposes on the Pacific 

coast. 

3.3 Wave Transformation in Transitional Water 

3.3.1 Refraction 

The harbour basins in the Pacific mostly have transitional water 

depths.Therefore, appropriate equations must be used to calculate transi-

tional wave characteristics. Incident deep water waves will undergo re-

fraction as they approach the harbour. For simplicity, the analyst made 
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I. tank 7--  2-16 4712 

—gi=2 

the assumption that the harbour basin had a uniform depth with breakwaters 

and legal lots forming the basin boundary. Furthermore, the analyst 

assumed that incident deep-water waves would undergo a single step change 

in depth when arriving at the harbour.The analyst considered these assump-

tions to be reasonable for short period waves as only small errors would be 

introduced to the angle of refraction. 

Short period waves (<6 Sec) refract very little. The coefficient of 

refraction varies with the ratio of deep-sea and near-shore wave celerity. 

Since wave celerity is determined by wave period, the amount of refraction 

would be very much dependant on the wave period. 

From the significant wave periods determined from sec. 3.2, the deep 

water wave celerities can be calculated from equation 2-4. 	In addition,c4 

can be determined from the angle that the in-coming wave crest make with 

the boundary of the basin. The wave celerity in the harbour can be deter-

mined by applying equation 2-2 in parallel with equation 2-16. 

25 

Then, by applying Snell's law (equation 2-6), the analyst could calculateo(2, 

and hence the refraction coefficient by equation 2-11a. 

3.3.2 Shoaling 

The shoaling coefficient can be calculated by equation 2-11b. 

3.3.3 Diffraction 

Incident waves approaching a harbour would be diffracted by a break-

water or any type of protective barriers. The analyst based his diffrac-

tion analysis on only one point in the harbour, a location where he 
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considered most vulnerable to wave attack. 	The wave agitation at this 

location was used to represent the wave agitation for all other facilities 

at the site, the analyst considered this a conservative approximation. 

The analyst performed his wave agitation study on a year round basis. 

Although the harbour activity drops drastically during the winter months, 

(typically about 1/4 of peak level), activity level during the stormy 

season is usually still quite significant in the Pacific Region. 

Fig 3-2 defines the parameter 9,p, and r. The angle 47 should be the 

incident wave angle of the orthogonal after undergoing refraction. This 

angle, however, was often different only by very little from the incident 

angle due to little refraction. The analyst's assumption that the harbour 

basin had constant depth greatly simplified computation. In the actual 

case, the waves would continue to refract while diffracting simultaneously, 

creating a highly complicated analysis. 

3.4 Determination of Wave Agitation  

3.4.1 Agitation by Wind Generated Waves 

In section 3.2, a set of wind speed ranging from 20 km/hr to 60 km/hr 

were used to hindcast wave heights and periods in each fetch direction. 

After the deep water wave conditions had been adjusted in refraction, 

shoaling and diffraction, the resultant transitional water wave heights 

at the point of interest were compared to design wave height 0.25 m (0.82 

ft) specified by the Guidelines of Accommodation as the maximum allowable 

significant wave height for berthing areas (Ref - 9). The critical wind 

velocity that would generate the design wave height at the point in basin 

was then identified. The analyst would repeat the same process for each 

fetch direction. This set of critical wind speeds was then used to define 

the input criteria (Table 2) for meteorological data processing program to 

determine the total number of hours that these critical velocities were 
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exceeded in an actual 5 year wind record (Table 3). The total hours of 

exceedence would then yield the wave agitation for a particular harbour 

site. 

Fig. 3-3 is a flow chart that illustrates the functional steps taken 

by the analyst in calculating the level of wave agitation. 

3.4.2 Agitation by Vessels Generated Waves 

Waves generated by ships can also produce wave agitation problems at 

adjacent harbours and marinas. The wave heights generated depends on ves-

sel size, hull shape and vessel speed. The best -estimate of agitation by 

passing vessels is from site data. The duration of wave agitation by ves-

sel traffic is usually small comparing to that produced by wind. There-

fore, the effect by the vessel traffic has been considered to be negligible 

in the analysis. In cases where problems are significant, actual recording 

instruments are advised to be installed. 
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4. Extensive Analysis in Wave Hindcastinq and Transformation  

The analyst had chosen an analytical procedure to optimize both 

economy and efficiency. There is an alternate way of analyzing wave cli-

mate, a procedure which is more expensive, lengthier, but more accurate. 

In the procedure used in this report, the analyst had to hindcast 

waves in each fetch direction from a set of simulated wind speed ranging 

from 20 to 60 km/hr. In the alternate analysis, fetch distances can be fed 

directly into a hindcasting computer program at AES that would convert a 5 

year wind record into a corresponding wave record. The wave record was 

then used to determine wave agitation. It should be noted that the local 

topography and configuration of each individual harbour must first be digi-

tized to facilitate a detailed refraction and diffraction analysis included 

in the AES hindcasting program. The program would make adjustments on deep 

water wave heights as the bottom depth decreases in gradual steps. 

This would give a more accurate assessment of refraction and 

diffraction effects as compared to a single step depth change assumed by 

the analyst. In planning new facilities, different harbour configurations 

could be tested to study the effects of wave attacks. 

Although this alternate analytical procedure for wave climate is more 

expensive and time-consuming, it would yield quite accurate results. Such 

precision is often needed in planning new facilities or rehabilitating 

existing conditions. However, an analysis that requires extensive analy-

sis, lengthy data preparation, and great computational efforts are not 

justified for the purpose of this study. 
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APPENDIX A 

Spreadsheet Program for Wave Climate Analysis 



Spreadsheet Analysis  

All the computations involved in the wave climate studies were 

performed on Lotus 123, an electronic spreadsheet on an IBM Personal 

Computer. The analyst programmed the SMB Deep Water Hindcasting System as 

well as the procedures for the Refraction and Shoaling Analysis onto a 

single worksheet. 

A blank worksheet is illustrated in Fig. A-1 and A-2. The necessary 

input information is entered into the framed area in Fig. A-1 to initiate 

the analysis. The worksheet would begin computations until it reaches a 

pre-programmed stage when it will pause for intermediate input parameters. 

In particular, the program would stop as soon as it completes the d/gT**2 

column. The analyst must then enter the corresponding values of L/d into 

the worksheet (as shown by framed area in Fig. A-2) to restart the computa-

tions. A table containing values of d/qT**2 and L/d is included in 

Appendix C. 

Due to the complexity of the equations governing the diffraction 

analysis, the worksheet was programmed only to calculate the values of the 

parameters necessary to determine the diffraction coefficients. Table 1 

can then be used to obtain the kd manually. 

Sample of a complete worksheet run is shown in Fig. A-3 and A-4. The 

worksheet calculates wave heights after refraction and shoaling. The 

coefficients of diffraction were obtained manually by values of incident 

angle, radial angle, and r/L; the wave heights are then adjusted by 

diffraction. 

A manual for using the Spreadsheet Analysis program was not completed 

at the time this report was compiled. However, the manual will certainly 

be available at a later date. At the time being, the analyst will be 

pleased to respond to any requests or enquiries that the reader may have. 
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APPENDIX B 

Diffraction Charts 
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Wave Diffraction Diagram - 60 °  Wave Angle 



/6 5 °  ' 5 ° 

0 
(0 W= LM 

O 
0 

0 
0 
cr) 

BOO  

0'0 

/so. 

180 °  
10 	9 	8 	7 	6 	5 	4 	 Semi-Infinite Rigid Impermeable Breakwater 

Radius / Wove Length 

(after Wiege1,1962 

---2 -Wave Crests 

Direction of Wave Approach 

Figure B-5 
	

Wave Diffraction Diagram - 75 °  Wave Angle 
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Functions of 271' d/L 
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1, Introduction. 

The Commission believes that the adoption of 
standardized notation will greatly facilitate the 
exchange of information pertaining to waves and 
recommends that wherever possible, the notation 
presented in the following glossary be used. The 
current usage must change and adapt to progress, 
and researchers and engineers are encouraged to 
adequately define, with reference to the methods used 
in calculations, the notations used. 

2. Definition of general terminology and dimensions. 

The " mean water level " is the average water 
surface over a period of at least one year. 

The " still water level " is the level of the water 
surface in the absence of wave activity. 

The " mean record level " is the average water 
.surface over the period of observation (for instance 
20 min.). 

(The definition of mean record level, which is 
of importance in the zero-crossing type of analysis, 
is not concise when significant variation in water 
surface elevation is caused by the tide within the 
duration of the record. Floating buoys tend to filter 
out this long period movement whereas staff gauges 
do not.) 

A " wave record " is an analogical or digital re-
cording of wave parameters over a stated continuous 

interval. In particular, a wave record may be an analo-
gical or digital recording of the water surface elevation 
or pressure resulting from the passage of waves. 

A " zero-crossing " is to be understood as the 
crossing of the mean record level by the water surface 
at that instant (after filtering tide effects). 

A crest or maxima is an event where the water 
surface has zero slope, is preceded by a positive slope 
and followed by a negative slope. 

A trough or minima is an event where the water 
surface has zero slope, is preceded by a negative 
slope and followed by a positive slope. 

The subscript Z should be used to indicate zero-
crossing waves. 

The subscript 0 should be used to indicate deep 
water waves. 

The subscript b should be used to indicate breaking 
waves. 

The subscript c should be used to indicate crests or 
maxima. 

The subscript t should be used to indicate troughs 
or minima. 

The subscript v should be used to indicate visual 
observations. 

The subscript max should be used for referring to 
the maximum value of the variable. 

The overbar — denotes an average value of the 
variable. (The use of the overbar — to denote an 
average value may not be acceptable in some countries 
and the use of brackets < > or the subscript mean 
may be more acceptable.) 

a This symbol should be used when referring to 
wave amplitude measured with respect to the 
mean record level. 

H This symbol should be used when referring to 
wave height. 

T This symbol should be used for referring to an 
interval of time related to the periodic property 
of waves. 

L This symbol should be used for referring to wave 
length. 

a This symbol to be used for the direction of wave 
propagation. It is the angle between true north 
and the direction from which the waves are 
coming. Clockwise direction is positive. 



Z This symbol to be used for the vertical distance 
from an average value of the water surface to the 
bottom. 

All variables and measurements should be dimen-
sioned according to the S.I. system. In particular : 
— space variable such as wave height, depth, etc., are 

given in meters ; 
— frequency as applied to gravity waves should be 

given in Hertz (Hz). 

3. Parameters defined directly 
from a wave record. 

Z1 	The " mean water depth " is the vertical dis- 
tance between the mean water level and the 
bottom. Z1 is always a positive quantity. 

Z2 	The " still water depth " is the vertical dis- 
tance between the still water level and the 
bottom. Z2 is always a positive quantity. 

Z3 	The " mean record water depth " is the vertical 
distance between the mean record level and 
the bottom. Zs is always a positive quantity. 

71 	The vertical distance of the instantaneous 
water surface to the mean record level, positive 
is used for the upward direction. 

a, 	The crest amplitude is the vertical distance 
between the mean record level and a crest or 
maxima. 

as.c 	The zero-crossing crest amplitude is the 
maximum vertical distance between the mean 
record level and the maximum level that 
occurred between an upward and a following 
downward going zero crossing. a always 
a positive quantity. 

a, 	The trough amplitude is the vertical distance 
between the mean record level and a trough or 
minima. 

a 

• 	

The zero-crossing trough amplitude is the 
maximum vertical distance between the mean 
record level and the minimum level that 
occurred between a downward and a following 
upward going zero-crossing. a,, is always a 
positive quantity. 

Y1 	The maximum_ wave _level is the maximum 
zero-crossing crest amplitude observed in a 
record = a4e „„„ 

V2 	The minimum wave level is the maximum zero- 
crossing trough amplitude observed in a 
record. Note that Y2 is always positive and 
is =   

H 	The " wave height " is the vertical distance 
between a crest and the immediately preceding 
trough. 

H, 	The zero up-crossing wave height is the sum 
of and the immediately preceding a.4. 
(Confusion may exist between the use of Hz 
for Hertz and H, for the zero-crossing wave 
height.) 

H. The maximum wave height is the maximum H 
as observed in a specified period of time, which 
should always be stated. 

If,. The maximum zero up-crossing wave height 
is the maximum H„ as observed in a specified 
period of time, which should always be stated. 

T, 	The zero-crossing wave period is the interval 
of time between two adjacent downward going 
zero-crossings. 

TH4tn,,x  The period of the maximum zero up-crossing 
wave height is the interval between the preceding 
and the following downward going zero-
crossings of a maximum zero up-crossing 
wave height 

4. Statistical parameters (1) derived from 3. 

H„ %  The wave height exceedance is the value of H 
exceeded by n% of all waves occurring in a 
specified period. For example H 1%  (20 min.) 
is the wave height that is exceeded by only 1% 
of all waves occurring in a 20 min. period of 
observation. In particular one may use H, 0% 

 the median wave height. In some countries, 
the notation H„ %  is used to denote the average 
of the highest n% of the waves in a record. 
Care should be exercised to properly interpret 
the intended meaning in individual publications. 

11„,„ %  The zero up-crossing wave height exceedance 
is the value of H, that is exceeded by n% of 
all waves occurring in a specified period. 

Ill in The average of the highest 1/n th  of the H 
values for a stated period of time. In some 
countries, the notation H o, is used to denote 
the wave height exceeded by 1 Pi th  of the waves. 
Care should be taken to properly interpret the 
intended meaning in individual publications. 

frioi,, The average of the highest lint h  of the H, 
values for a stated period of time. In particular 
one may use I-L ig, (20 min.). 

(1) H.%, H.01%, /-10% and 1-1; t/„ are tentative and not 
definitive proposals of the Commission. 
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The zero-crossing wave period is the average 
of zero-crossing intervals as obtained by 
dividing the record duration by the number 
of times the water elevation crossei the mean 
record level in one direction. 

The average crest period is the time obtained 
by dividing the record duration by the total 
number of crests in this record. 

The spectral width parameter (Broadness 
factor) defined by el.? = 1 — (1 /T=)2. 

The probability density function of a wave 
parameter x, such as height or period. 

P(x) The distribution function of a wave parameter 
x and is known as P(x) = g oo P00-crk 

5. Parameters derived 
from the variance spectrum analysis. 

4 	The peak frequency is the frequency at which 
the maximum variance spectral density occurs. 

T3, 	The peak period = 1/4. 

S (f) The variance spectral density function of a 

wave record is the density distribution of the 
variance ri as a function of frequency. 

S(f,a) The directional variance spectral density of a 

wave record is the density distribution of the 
variance rl as a function of frequency and 
direction. 

• The nth  moment of the variance spectral 
density function. 	S (f)df. 

Typically a = 0 b = oo. 

e The root mean square value is the square 
root of the variance or the average squared 
displacement of the water surface from the 
mean record level as = 7,2= m.. 

Hm. The characteristic wave height = 4*a for a 
stated period of time. 

Trx io The length of time defined by two spectral 
moments rn, and rno,. In particular, on may 
use the " average period " defined as m o/m i  

or m_ 1 /m,. 

The spectral width parameter defined by 

rn.. /714 — M32  

/no . M4 

6. Parameters derived 
from visual observatioas. 

H. 	The wave height as estimated from visual 
observation. 

T. 	The wave period as obtained visually. 

7. Significant wave height. 

The current use of this term, significant wave 
height, is confusing. There appear to be 3 common 
concepts of significant wave height : 

a) the wave height parameter as computed from 
the RMS-value of the record ; 

b) the average of the highest one third of the " wave 
heights " obtained autographically ; or 

c) the visually estimated wave height following 
W.M.O. practices. 

As noted in the above, the following three defini-
tions are recommended : 

H.. The characteristic wave height = 4*a for a 

stated period of time. 

H;118 (or IQ The average of the highest one third 
of the zero up-crossing wave heights for a 
stated period of time. 

H. 	The wave height as estimated from visual 
observation. 

2 go  — 
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